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) A suspension arrangement.

@ A suspension arrangement suitable for incor-
porating in aircraft landing gear comprises:
- an upper strut member (1);
- a lower strut member (2);
- an oil reservoir (5);
- an adjustable valve means (15) mounted so as {0
divide the oil reservoir (5) into two distinct sections
(5a, 5b), and which restricts the flow path area for
flow of oil from one section of the oil reservoir to the
other;
and - a drive means (18) which adjusts the adjust-
able valve means (15) so as to adjust the flow path
area.

The adjustment of the flow path area varies the
flow of oil through the valve means (15), and thereby
the response of the suspension arrangement.
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A SUSPENSION ARRANGEMENT

This invention relaies to a suspension arrange-
ment and in particular to an aircraft suspension
arrangement.

Conventional aircraft landing gear suspensions
comprise a simple pneumatic assembly which has
to be set to allow safe landings on all types of
airfieids that will be encountered. The assembly,
once set, may not be adjusied in flight in anticipa-
tion of the condition of the particular airfield which
is to be used.

Therefore as the suspension has to be set so
that the aircraft can land or taxi safely on all of the
types of airfields it may encounter, for example
smooth tarmacadam, mats covering a damaged
runway or rough grass frack, the suspension has to
be set so that it can absorb all the energy which
will be imparted fo the landing gear by the rougher
tyoes of airfieild encountered.

However, if the suspension is set too soft, there
is a possibility that physical damage to the aircraft
may occur as a result of motion induced in the
aircraft by landing or taxiing on a rough airfield.

If the aircraft landing gear is set to a condition
in which it is highly responsive to airfield conditions
i.e. is set soft, so that the landing gear responds to
all the bumps eic. in the airfield, when the aircraft

taxis on an airfield which will impart a severe rough.

field performance sinusoidal oscillations could be
induced in the landing gear. The effect of these
oscillations may be eliminated by providing the
landing gear with heavy damping, at a particular
point in the sinusoidal oscillating pattern.

Further, if the landing gear is set to a position
in which a sinusoidal oscillating pattern is induced,
the energy of the motion imparted to the landing
gear will not be fully absorbed. This means that
components of the aircraft associated with the land-
ing gear are subjected to a number of hard bumps,
and therefore to a high degree of sudden stress
loading. Consequently, the component parts in this
area of the aircraft tend to be overdesigned and
therefore heavy, leading to all the problems asso-
ciated therewith.

With modern aircraft, and in particular the
smailer jet aircraft, which carry a large amount of
glectrical/electronic equipment which is critical to
their operation, they are more susceptible to prob-
lems induced by any sudden/sharp motion. In par-
ticular, the electrical/electronic equipment associ-
ated with aircraft is highly tuned, and as a result is
sensitive to sudden/sharp movements, such as
those discussed above. Therefore subjecting the
equipment to sudden/sharp movements, as with the
sinusoidal motion or the hard bangs, may lead to
the electrical/electronic equipment being detuned,
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desensitised or becoming generally inoperative. As
a consequence modern aircraft have to undergo
regularly maintenance leading to a large expense
of time and money.

The present invention is concerned with provid-
ing a suspension arrangement for use in conjunc-
tion with aircraft landing gear, the set/response of
which may be adjusted to cope with the particular
landing or taxiing conditions.

In accordance with the present invention a sus-
pension arrangement for use with aircraft landing
gear comprises:

- an upper strut member;

- a lower strut member;

- an oil reservoir;

- an adjustable valve means mounted so as to
divide the oil reservoir into two distinct sections,
and which restricts the flow path area for flow of oil
from one section of the ail reservoir to the other;
and - a drive means which adjusts the adjustable
valve means so as to adjust the flow path area;
wherein adjustment of the flow path area varies the
flow of oil through the valve means and thereby the
response of the suspension arrangement.

Normally, the position of the adjustabie vaive
means, and hence the response/set of the arrange-
ment is conirolled automatically and is dependent
on signals received from the landing gear as to the
condition of the airfield. ’

Preferably, the automatic control is achieved
by means of a microprocessor which receives sig-
nals corresponding to the condition of the airfield,
and accordingly alters the position of the adjustable
valve means by means of the drive means.

A suspension arrangement in accordance with
the present invention has the advaniage that the
adjustment of the flow path area enables the sus-
pension arrangement o be adjusted in accordance
with the type of airfield which will be encountered
even during landing on the field.

The adjustable valve means, preferably, com-
prises two interacting relatively moveable mem-
bers. In a preferred embodiment the two interacting
relatively moveable members comprise two cup
like members, one of which is housed within the
other so that the members are relatively rotatable.

Alternatively, the relatively moveable members
may comprise two members, cup or flat, which are
moved axially relative to one another by a drive
means arrangement which acts on a push/pull type
of principle.

Each of the relatively moveable members is
preferably provided with at least one window which
co-operates with a window in the other member.
The co-operating windows provide the necessary
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flow path area for flow of oil from one section of the
oil reservoir to the other. The flow path area being
varied by the relative movement of the two rela-
tively moveable members which adjusts the flow
path area for flow of oil.

Due to the characteristics of the system, the
Bernoulli forces exerted upon the relatively movea-
ble members, in particular in the vicinity of the
windows, may be considerable, and could lead to
operational problems/difficulties. In order to reduce
these, but maintain the necessary flow path area,
the flow path area preferably comprises a series of
co-operating windows.

In a preferred embodiment, each one of the
windows in the series of windows in one member
co-operates with a group of ports in the other
member. Thereby the Bernoulli forces are further
reduced into several smaller amounts which can be
more effectively handled.

Preferably, the group of ports have a longitudi-
nal axis which is inclined to the horizontal so as to
enhance the flow of fiuid therethrough. In experi-
mental tests carried out recently with this type of
arrangement the Bernoulli forces exerted on the
relatively moveable member have been shown to
be reduced to negligible values.

The drive means, preferably, comprises a step-
per motor, which is connected to at least one of the
relatively moveable members by a coupling.

A minor inconvenience associated with using a
stepper motor is that the motor may be slightly
bulky with regard to the available space. This
would normaily only be encountered where space
is at a premium.

Where this is the case the stepper motor may
be replaced by a simple solenocid arrangement.
However this would only provide the adjustable
vaive means with the option of two settings.

The coupling preferably interconnects the drive
means i.e. stepper motor or solenoid, to one only
of the relatively moveable members of the adjust-
able valve means. In this case the other member is
advantageously held stationary.

Preferably, the coupiing used will have a small
amount of freedom of motion. This is in order to
ensure that the interconnection between the drive
means and the relatively moveable member is free,
or essentially free, of any stresses. For example, a
flexible or fluid coupling may be used.

The stresses, if any, induced in the coupling
will, generally, only be of any consequence in
respect of embodiments of the suspension arrange-
ment which incorporate relatively moveable mem-
bers which are relatively rotatable. Although for
reasons of assembly etc. it would be advantageous
if in both the axially relative movement and rota-
tional relative movement embodiments the coupling
had a degree of freedom of movement.
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Further, the use of a coupling which provides
some freedom of movement in the connection be-
tween the adjustable valve means and the drive
means will result in no stresses being transmitted
from the drive means fo the relatively moveable
members of the adjustable valve means.

Preferably, the adjustable valve means is pro-
vided with means to reduce or eliminate, stresses
which may build up therein.

Preferably, the suspension arrangement further
includes an hydraulic recoil means. This assists the
suspension arrangement in returning to an ex-
tended, or normal, operating position.

In a preferred embodiment the drive means is
arranged so that it can only act on the relatively
moveable members so as to bring about relative
motion by movement of a relatively moveable
member in one direction only. In this case, me-
chanical means is provided to cause relative mo-
tion in the other direction.

The mechanical means may be arranged so as
to act as a fail-safe i.e. where no force is exerted
by the drive means the mechanical means forces
the relatively moveable members into a preset/fail-
safe position. Therefore, in order to obtain any
other position the drive means must act against the
force exerted by the mechanical means.

Preferably the mechanical means comprises a
spring arrangement. -

Preferably, the suspension arrangement also
includes a piston member, which is mounted within
the upper strut member.

The provision of the piston member means that
the suspension arrangement can be simply pro-
vided with a two stage response arrangement. That
is, by having the piston member act against a
general atmosphere which has a pressure greater
than the atmosphere generally available in the sys-
tem, the stage of suspension comparison at which
the arrangement reacts can be predetermined.

The invention will now be described, by way of
example, with reference to the accompanying
drawings in which:

Figure 1 shows a schematic view of a sus-
pension arrangement included in a landing gear;

Figure 2 shows a schematic diagram of a
suspension arrangement in accordance with a first
embodiment of the invention included in the land-
ing gear as shown in Figure 1;

Figure 3 shows a schematic diagram of the
flow path area of the suspension arrangement
shown in Figure 2;

Figure 4 shows a schematic diagram of the
mechanical means of the suspension arrangement
shown in Figure 2; and

Figure 5 shows a schematic diagram of a
suspension arrangement in accordance with a sec-
ond embodiment of the invention included in the
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landing gear as shown in Figure 1.

Now referring to Figures 1 to 4 of the drawings,
in accordance with a first embodiment of the inven-
tion a suspension arrangement comprises:

- an upper strut member 1;

- a lower strut member 2 which telescopically co-
pperates with the upper strut member 1 and which
is provided with a mounting means 3 at an end 4
thereof on which a wheel (not shown) can be
mounted;

- an oil reservoir 5 defined by the interior surfaces
of the outer strut members 1, 2;

- a tube member 6 mounted so that it circumferen-
tially surrounds a section 7 of the lower strut mem-
ber 2 and is housed within a section 8 of the cuter
strut member 1;

- an upper tube member 9 positioned so that an
end 10 thereof is housed within the lower sirut
member 2;

- a sleeve member 11 mounted within the lower
strut member 2 at an end 12 thereof and which
circumferentially surrounds the upper tube member
9;

- an annular piston 13 housed within the upper tube
member 9;

- a cap member 14;

- an adjustable valve means 15;

and - a stepper motor 16 housed within the upper
tube member 9.

Within the confines of the upper strut member
1 the lower strut member 2, the tube member 6
and the sleeve member 11 are interconnected so
as to form a single common assembly.

Further, in order to prevent oil escape from the
reservoir two sealing members 17, 18 are provided
so as to form a sealing contact between the upper
strut member 1 and the tube member 6.

In view of the above mentioned interconnection
this means that a sealing contact is provided be-
tween the upper and lower strut members 1, 2.

The adjustable valve means 15 includes an
outer cup member 19 and an inner cup member 20
mounted within the outer cup member 19 so that
the inner cup member has a section 21, extending
therebeiow.

The outer cup member 19 is connected by
means of a flexible coupling 22 to the stepper
motor 16 and, in this embodiment is rotatably
moveable by the action of the stepper motor, whilst
the inner cup member 20 is maintained stationary
so as to provide the required relative motion.

The adjustable valve means 15 is positioned in
the oil reservoir 5 so as to divide the reservoir into
two distinct sections 5a and 5b. The oil contained
in the oil reservoir section 5b has a pressurised
nitrogen atmosphere 5¢ thereabove.

During operation ‘of the suspension arrange-
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ment oil within the reservoir is transferred between
the distinct sections, in order to provide the neces-
sary suspension forces. This may cause some
frothing/aeration of the oil in the section 5b of the
reservoir 5. -

To allow for the passage of oil from one sec-
tion of the oil reservoir to the other the outer cup
member 19 is provided with a circumferentially
extending series of windows 23 and the inner cup
member 20 is provided with a circumferentiaily
extending series of ports 24.

The series of windows 23 and the series of
groups of ports 24 are positioned in the respective
cup members 18, 20 so that each window 23 co-
operates with a number of ports 24. The degree of
the co-operation between the windows and the
ports provides the flow path area for the flow of oil
between the two distinct sections of the oil reser-
voir. Therefore, rotation of the outer cup member
19 by the action of the stepper motor 16 varies the
flow path area available for the flow of oil. This in
turn dictates the level of response obtained from
the system on the application of a force.

Figure 3 shows in detail the relative positions
for the windows 23 with respect to a group of
windows 24. The group of windows 24 are in-
dicated in solid line for the maximum flow situation
and dashed lines for a restricted flow situation.

In order to reduce, or eliminate, stresses which
may occur in the adjustable vaive means 15 as a
result of the function of the system a series of
holes 25 is provided in the outer cup member 19 in
the vicinity of the flexible coupling 22. This series
of holes 25 does not allow the passage of oil from
one section of the oil reservair to the other.

In order to allow for the relative rotation of the
two cup members 19, 20 mechanical bearings (not
shown) may be provided between certain engaging
surfaces of the cup members. In this way the
frictional forces induced in the adjustable valve
means 15 may be reduced to a minimum.

The cap member 14 is positioned so that an
end 26 circumferentially surrounds and engages a
section of the stepper motor 16. The other end 27
is inturned, and engages in a groove 28 provided in
the section 21 of the inner cup member 19,

The cap member 14 and inner cup member 19
are held relatively stationary by means of pins 29
securing the cap member 14 to the inner cup
member 19. The cap member 14 is provided with a
recoil valve 30, to assist the system when returning
to a normal operating position.

The upper tube member 9 has an end 31 in
which the stepper motor 16 is housed and in which
an end 32 of the cap member 14 extends.

The cap member 14 is provided with an abut-
ment 33 which engages in a groove 33b provided
in the member 9 so as to restrict the degree of
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insertion of the cap member 14 therein.

The end 31 of the upper tube member 9 is
sealingly engaged with the internal surface of the
lower strut member 2 by means of a sealing mem-
ber 34 provided therein, and the other end 35 of
the upper tube member 9 is sealingly engaged to
the upper strut member by sealing means 35. The
stepper motor 16 has a control cable 36 which is
passed along a cable support 37 to the stepper
motor. The cable support 37 is passed through the
hollow interior of the upper tube member 9 to the
stepper motor.

In order to ensure integrity of the system a
seal 38 is provided between the upper tube mem-
ber 9 and the cable support 37.

The annular piston 13 is housed within the
upper tube member 9 and has a passageway
therethrough to allow the cable support 37 to pass
during travel of the piston 13. Further, to ensure
integrity of the system two sealing rings 39 are
provided on the annuiar piston.

The two sealing rings 39 are used to isolate the
oil reservoir 5b from the general atimosphere sec-
tion 5d above the annular piston 13. The pressure
in the section 5d when the suspension arrangement
has been assembled is greater than that present in
the remainder of the suspension arrangement.

In this way the point at which the annufar
piston 13 will move, i.e. respond to the compres-
. sion of the suspension arrangement may be preset.

Once assembled, the system oil reservoir 5 is
filled with oil to a level indicated in Figure 2.

To enable flow of oil within the system during
operation of the suspension arrangement the fol-
lowing passages are provided in the assembly:

- passage 40 through upper tube member 8 and
cap member 14;

- passage 41 through lower strut member 1;

- passage 42 through tube member 6;

and - passage 43 through upper tube member 9 to
allow oil into space 44 below the annular piston 13.

In all cases the passages 40-41 simply com-
prise a circumferentially extending series of slots.
In the case of passage 40, and passages 41 and

42 in combination, the respective series of slots are -

aligned so that they co-operate.

In operation, the relative motion of the inner
cup member 20 and the outer cup member 19, and
therefore windows 23 with respect to groups of
windows 24, which adjusts the suspension arrange-
ment's response, is caused by the inter action of
forces induced by the stepper motor 18, and a
mechanical means 50 (not shown in Figures 1 and
2). The mechanical means is located at the general
position X shown in Figure 2.

The mechanical means 50, as shown in detail
in Figure 4, comprises four springs 47 mounted on
the outer cup member 20 so as to act against

10

15

20

25

30

35

40

45

50

55

stops 45 thereon and stops 46 provided on the
stepper motor 16.

The mechanical means 50 is arranged so that
in the case of stepper motor failure the windows
23, and ports 24 of the adjustable valve means 15
are forced into the relative position shown in hard
lines in Figure 3, i.e. the suspension arrangement
is automatically set to a soft open configuration.

In operation, under compression, oil flows from
oil reservoir section 5a of the oil reservoir to sec-
tion 5b. The oil passes through windows 23, and
ports 24, through passage 40, and through pas-
sages 41, 42. This causes oil to flow along pas-
sageways 45, 46, provided between upper tube
member 9 and the sleeve 11, and outer strut mem-
ber 1 and tube member 6 respectively. These
passageways are provided by making the respec-
tive components of the system at the appropriate
position a clearance fit.

The actual operation of the system, and there-
fore the force exerted by the stepper motor 16 and
thereby the relative position of the cup members
19, 20 of adjustable valve is controlled by a micro-
processor (not shown). The microprocessor re-
ceives signals, relating to the condition of the air-
field, which it analyses and the microprocessor
accordingly instructs the stepper motor 16 as to
the desired set/response of the suspension ar-
rangement. That, the stepper motor 16 is instructed
as to the position of cup members 19, 20 desired.

Now referring to Figure 5 of the drawings, a
second embodiment of the suspension arrange-
ment in accordance with the present invention is
shown.

The second embodiment of the invention is
similar in construction to that of the first embodi-
ment of the invention described above, and there-
fore where appropriate like numerals have been
used to denote like components. Further, the spe-
cific description of these components is incorpo-
rafed in the description of this embodiment by way
of reference.

The differences between the first embodiment
and the second embodiment of the invention are a
result of the differences incorporated in order to
allow for the difference in the direction of move-
ment of the two relatively moveable members i.e.
axial not rotary.

The adjustable valve means 15 comprises an
outer cup member 51 and an inner cup member
52, which is mounted within the outer cup member
so that a section 53 protrudes therebelow.

The cap member 14, is identical to that used in
the first embodiment, having an end 26 which
circumferentially surrounds and engages a section
of an actuator 16a, and an end 27 which is in-
terned, and engages in a groove 28 provided in the
section 53 of the inner cup member 52. The cap



] EP 0 336 646 A1l 10

member 14 and inner cup member 52 are intercon-
nected so that they are relatively stationary.

The outer cup member 51 is connected to the
actuator 16a by means of a coupling 55. In this
embodiment of the invention the coupling may be
provided to allow a certain amount of freedom of
movement.

The actuator 16a is adapted so that the outer
cup member 51 is moved in a direction A relative
to the stationary inner cup member 52.

Further, a mechanical means is provided in the
form of a coil spring 56 which acts between protru-
sion 57 on the cap member 14 and protrusion 58
on the outer cup member 52 so that the relative
motion of the two relative members is the result of
a force balance between the actuator 16a and coil
spring 56. -

As in the first embodiment of the invention of

the arrangement of the mechanical means is such
that upon a failure of the actuator 16a the force
exerted by the coil spring 56 forces the adjustable
valve means 15 to be set to a open/soft position
suitable for landing.
As in the first embodiment the outer cup member
51 is provided with a series of windows 23 and the
inner cup member 52 is provided with a series of
group of ports 24.

The general principle of flow path area, and its
variation to effect the response of the system is
identical to that discussed with regard to the first
embodiment. However, in this embodiment the
ports 24 are angled slightly in order to enhance the
flow of oil therethrough, and reduce any Bernoulli
forces which may be exerted upon the cap mem-
bers as a result of the flow of oil therethrough to a
negligible value.

The operation, and flow of oil during operation,
is identical to that described with reference to the
first embodiment of the invention, except the rela-
tive motion of the two relatively moveable mem-
bers is axial, not rotary.

Claims

1. A suspension arrangement for use with air-
craft landing gear comprises:
- an upper strut member;
- a lower strut member;
- an oil reservoir;
- an adjustable valve means mounted so as to
divide the oil reservoir into two distinct sections,
and which restricts the flow path area for flow of oil
from one section of the oil reservoir to the other;
and - a drive means which adjusts the adjustable
valve means so as to adjust the flow path area;

10

15

20

25

30

35

40

45

50

55

wherein adjustment of the flow path area varies the
flow of oil through the valve means and thereby the
response of the suspension arrangement.

2. A suspension arrangement as claimed in
claim 1 in which automatic conirol thereof is
achieved by means of a microprocessor which
receives signals corresponding to the condition of
the airfield. and accordingly alters the position of
the adjustable valve means by means of the drive
means.

3. A suspension arrangement as claimed in
claim 1 or 2 in which, the adjustable valve means
comprises two interacting relatively moveable
members.

4. A suspension arrangement as claimed in
claim 3. in which the iwo interacting relatively
moveable members comprise iwo cup like mem-
bers, one of which is housed within the other so
that the members are relatively rotatable.

5. A suspension arrangement as claimed in
claim 4, in which the relatively moveable members
may comprise two members which are moved ax-
jally relative to one another by a drive means
arrangement which acis on a push/pull type of
principie.

6. A suspension arrangement as claimed in
claim 4 or 5, in which each of the relatively movea-
ble members is provided with at least one window
which co-operates with a window in the other mem-
ber.

7. A suspension arrangement as claimed in
claim 6, in which one of the relatively moveable
members includes a series of co-operating win-
dows which co-operate with a window in the other
member.

8. A suspension arrangement as claimed in
claim 7, in which each one of the windows in the
series of windows in one member co-operates with
a group of ports in the other member.

9. A suspension arrangement as claimed in
claim 8, in which the group of ports have a longitu-
dinal axis which is inclined to the horizontal so as
to enhance the flow of fluid therethrough.

10. A suspension arrangement as claimed in
any one of the preceding claims, in which the drive
means comprises a stepper motor, which is con-
nected to at least one of the relatively moveable
members by a coupling.

11. A suspension arrangement as claimed in
claim 10, in which the coupling interconnects the
drive means with one only of the relatively movea-
ble members of the adjustable valve means.

12. A suspension arrangement as claimed in
claim 10 or 11, in which the coupling used has a
small amount of freedom of movement.
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13. A suspension arrangement as claimed in
any one of the preceding claims, in which the
adjustable valve means is provided with means to
reduce, or eliminate, stresses which may build up
therein.

14. A suspension arrangement as claimed in
any one of the preceding claims which further
includes a recoil means.

15. A suspension arrangement as claimed in
any one of the preceding claims, in which the drive
means is arranged so that it can only act on the
relatively moveable members so as to bring about
relative motion by movement of a relatively movea-
ble member in one direction only.

16. A suspension arrangement as claimed in
any one of the preceding claims, in which a me-
chanical means is provided, to cause relative no-
tion between the relatively moveable members in
the opposite direction to that imparted by the drive
means, with a spring arrangement.

17. A suspension arrangement as claimed in
any one of the preceding claims in which a piston
member is mounted within the upper strut member.
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